Reply  by Alli, Oluseun et al.
34
d
a
r
i
fi
p
l
r
a
t
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 5 , N O . 4 , 2 0 1 2
A P R I L 2 0 1 2 : 4 5 4 – 7
Letters to the Editor456for Contrast Induced Nephropathy Prevention) trial. J Am Coll Cardiol
Intv 2012;5:90–7.
. Jost G, Pietsch H, Sommer J, et al. Retention of iodine and expression
of biomarkers for renal damage in the kidney after application of
iodinated contrast media in rats. Invest Radiol 2009;44:114–23.
. Seeliger E, Becker K, Ladwig M, et al. Up to 50-fold increase in urine
viscosity with iso-osmolar contrast media in the rat. Radiology
2010;256:406–14.
Quality Control and the Learning
Curve of Transcatheter Aortic
Valve Implantation
With the introduction of transcatheter valves, the cardiologists and
cardiac surgeons have been faced with a new challenge, that is, to
keep efficacy and safety competitive in relation to conventional
surgery while implementing a new therapeutic strategy that re-
quires the acquisition of new skills and the close cooperation
between different specialties. In this complex scenario, the strict
monitoring of the overall and individual performance appears
mandatory. The paper by Alli et al. (1), recently published in
JACC: Cardiovascular Interventions, represents a commendable
attempt to characterize the learning curve of transcatheter aortic
valve implantation (TAVI) in terms of number of procedures
needed to become proficient with this technique, and to gain
insight into the steps that are critical for the successful initiation of
a TAVI program.
The paper by Alli et al. (1), however, is based on the retrospec-
tive analysis of outcome data arbitrarily divided into tertiles. This
rather traditional approach takes an average performance over
time; it may hide clusters of failure and may limit our understand-
ing of the learning process. A more appropriate statistical tool, in
our opinion, would be represented by time series analysis, and
specifically by the cumulative sum (CUSUM) analysis. These
methods report graphs of changes in outcome rates over time, and
allow for the real-time monitoring of the individual and team
performance, representing a particularly promising tool for mon-
itoring learning effect and performance (2).
During the last decade at our institution, there has been a
ramatic shift toward minimally invasive approaches for mitral
nd aortic valve surgery. The CUSUM analysis has been
outinely used to monitor the performance of the surgeons
ntroduced to this new technique with excellent results (3,4). It
was, therefore, natural to employ this methodology to assess the
performance of the TAVI team. It is interesting to observe that,
similar to what was reported by Alli et al. (1), the analysis of our
rst 70 patients showed that “proficiency” was obtained after
erforming about 30 cases. In particular, the lower boundary
ine (the line on the CUSUM chart indicating a complication
ate equal or inferior to the “accepted failure rate”), was crossed
t Patient #29.
The real strength of the CUSUM charts is that they allow one
o identify easily and quickly the ongoing trend. If the trendsuggests that the procedure is going out of control, the monitored
process can be analyzed in detail, and the right countermeasures
can be instituted. The failure of a TAVI procedure may be due to
several factors, many of which are not directly related to the
operative technique itself: by allowing the early identification of
negative trends, the CUSUM charts may prompt internal audits
aimed to the identification of the causes of failure, helping to take
the procedure back into control (2).
With the growing rate at which new techniques and technolo-
gies are introduced in cardiac surgery and interventional cardiol-
ogy, quality control will become a key issue in the near future. For
this reason Alli et al. (1) deserve merit for their pioneering paper.
However, we believe that time series analysis could be an excellent
means to analyze the performance of the TAVI teams, and we
would strongly suggest adopting this methodology to monitor the
learning curve for TAVI.
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Reply
We thank Dr. Cerillo and colleagues for their thoughtful and
insightful comments on our paper (1). In their letter, they have
highlighted the benefit of using time series analysis to assess
learning curve and quality control, and we generally agree with
their comments. The traditional method of assessing surgical
results is the retrospective analysis of outcome data as used in our
study. Statistical testing in this regard is an appropriate way of
assessing the learning curve when the interest is in determining
whether or not a difference has reached a magnitude of statistical
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457significance. However, when a plateau is reached, and/or formal
testing is of less interest than detection, a time series analysis, and
in particular the cumulative sum (CUSUM) analysis, may be a
more appropriate tool for this analysis.
We believe that a combination of both statistical approaches
provides complementary information on the learning curve of
individuals and teams performing transcatheter aortic valve im-
plantation (TAVI). Such a combined approach would be to use the
traditional method to assess the learning curve of new centers/
teams performing TAVI to establish proficiency and then to apply
the CUSUM analysis in a prospective fashion once these centers
have established proficiency, and standards for performance mea-
sures have been established. The advantage of such an approach as
highlighted by Cerillo et al. would be the ability to capture and
identify easily and quickly the ongoing trend. The early detection
of negative outcomes often leads to audits that may allow identi-
fication of the causes of failure. Another value of the CUSUM
analysis was illustrated in the study by Murzi et al. (2); they
showed that clusters of failure that happened after a surgeon had
gained proficiency in performing a right anterior minithoracotomy
were not due to poor surgical technique/lack of proficiency, but
resulted from treating a sicker patient population as the surgeon
grew in confidence with the technique. This shows both the
sensitivity of this monitoring technique, as well as the need to be
careful to take all relevant variables into account when trying to
understand trends or deviations.
Finally, we would like to suggest the adoption of both ap-
proaches by centers looking to establish and ensure proficiency inTAVI procedures as this would lead to optimal quality control and
improved outcomes for our patients.
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